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RESUMO 
 
 
A carbamazepina (CBZ) é um fármaco utilizado no tratamento da 
epilepsia, da neuralgia do trigêmeo e de distúrbios afetivos. O uso materno de 
anticonvulsivantes durante a gravidez, entre eles a CBZ, está associado ao 
aumento do risco de malformações fetais. Além disso, esse fármaco pode atuar 
nas células de Leydig, responsáveis pela síntese de testosterona, inibindo a 
esteroidogênese testicular. Desta forma, processos dependentes dos níveis 
adequados de testosterona podem ser alterados pela CBZ quando 
administrada nas fases pré e pós-natal. O objetivo principal deste trabalho foi 
avaliar os efeitos da CBZ nas proles masculinas oriundas de ratas Wistar, 
tratadas durante toda a gestação e a lactação, investigando a ocorrência de 
danos ao processo espermatogênico, bem como as possíveis alterações 
espermáticas, quantitativas da população de células de Leydig adultas e de 
estabelecimento da puberdade. As proles masculinas dos grupos Controle 
(n=24) e CBZ (n=24) foram eutanasiadas aos 41 dias pós-parto (dpp) 
(peripuberdade, n=12) e aos 63 dpp (puberdade tardia, n=12). As ratas 
receberam CBZ (20mg/Kg/dia, i.p.), diluída em propilenoglicol (veículo da 
droga), por via intraperitoneal, durante todo o período de gestação e lactação. 
O grupo Controle recebeu apenas propilenoglicol, seguindo o mesmo protocolo 
experimental. O ganho de peso corpóreo das ratas mães, durante o tratamento, 
bem como o das suas proles masculinas, a partir do 4º dpp até o 63º dpp, foi 
obtido.  Os demais parâmetros analisados incluíram: distância anogenital 
(DAG) e índice anogenital (IAG) nos filhotes machos aos 4dpp, tempos de 
descida testicular (a partir dos 15º dpp) e de separação prepucial (a partir do 
33º dpp). No 41º e 63º dpp foram realizadas análises morfométricas, 
biométricas, estereológicas e histopatológicas testiculares; os pesos absolutos 
e relativos do epidídimo, da próstata, da vesícula seminal e do testículo 
também foram obtidos. A imunomarcação de células de Leydig adultas, por 
meio do anticorpo anti-11 β-HSD- II, e a dosagem dos níveis plasmáticos dos 
hormônios estradiol, testosterona e luteinizante (LH), utilizando-se o método 
ELISA, também foram realizadas, em ambas as idades. Parâmetros 
espermáticos de caráter quantitativo e qualitativo foram avaliados aos 63 dpp. 
Os resultados obtidos demonstraram que a CBZ causou redução do ganho de 
   
peso corpóreo e aumento significativo do IAG nas proles masculinas, oriundas 
de mães tratadas com CBZ. Além disso, houve atraso significante no tempo de 
descida dos testículos e de separação prepucial. O nível plasmático de 
testosterona também se mostrou reduzido nos animais de 41 dpp, oriundos de 
mães tratadas com CBZ, enquanto os níveis dos hormônios estradiol e LH não 
apresentaram alterações significantes nas duas idades estudadas.  A 
densidade numérica de células de Leydig imunomarcadas para a enzima 
esteroidogênica 11β-HSD-II também não variou significativamente, em ambas 
as idades. Nos animais do subgrupo CBZ63, a avaliação espermática revelou 
diminuição no número de espermatozóides presentes na cauda epididimária 
(por órgão e por grama de órgão) bem como aumento da porcentagem de 
espermatozóides apresentando morfologia anormal. A análise histopatológica 
dos testículos mostrou normalidade do epitélio seminífero dos animais do grupo 
CBZ no 41º dpp; entretanto, a presença de pequenos vacúolos intra-epiteliais, 
na região basal do túbulo seminífero, foi uma ocorrência frequente, no 
subgrupo CBZ63. Os resultados obtidos nesta pesquisa mostram que a CBZ, 
quando administrada diariamente durante os períodos de gestação e lactação, 
pode interferir no processo de maturação sexual da prole do sexo masculino, 
conduzindo também à redução dos níveis de testosterona nos ratos 
peripúberes além de causar aumento da frequência de formas anômalas de 
espermatozóides bem como redução da concentração de espermatozóides na 
cauda epididimária, conforme observado na puberdade tardia. Como não 
ocorreram alterações significativas da DAG, é provável que a CBZ não tenha 
atuado durante a janela de programação da masculinização; por outro lado, 
levando em conta que foi observada uma redução do peso corpóreo dos 
filhotes machos recém-nascidos, oriundos de mães tratadas com CBZ e 
considerando que a CBZ pode interferir com a esteroidogênese, a ocorrência 
de um efeito anti-androgênico da CBZ, durante a fase fetal, não está ainda 
totalmente descartada e deverá ser investigada mais detalhadamente. É 
provável, também, que outros mecanismos parácrinos e endócrinos possam 
estar envolvidos nas alterações reprodutivas causadas pela CBZ, tornando 
ainda mais complexo seu mecanismo de ação sobre a reprodução masculina. 
 
 
   
ABSTRACT 
 
Carbamazepine (CBZ) is an anti-epileptic drug that acts on Leydig cells, 
affecting steroidogenesis and causing foetal malformation. Anticonvulsant 
administration during pregnancy, including CBZ, can lead to an increase of 
foetal malformation. In addition, this drug can act on Leydig cells, which are 
responsible for testosterone synthesis, leading to inhibition of testicular 
steroidogenesis. Thus, testosterone-dependent events may be affected by CBZ 
administration in pre-natal and post-natal phases.  The aim of this study was to 
investigate the effects of CBZ on Leydig cells, on spermatogenesis, on the 
spermatic parameters as well as on the puberty onset of male offspring from 
mothers submitted to CBZ treatment during pregnancy and lactation. Rat dams 
were treated with CBZ (20mg/Kg/day, i.p., CBZ groups, n=24) or propileneglycol 
(Control groups, n=24) during pregnancy and lactation. The anogenital distance 
(AGD) and the anogenital index (AGI) of the male offspring were obtained at 4 
days post-partum (4dpp). Testicular descent and preputial separation were also 
evaluated at 15dpp and from 33dpp on, respectively. The body weight gain of 
the mothers (during pregnancy and lactation) and of the male offspring (from 
4dpp until the euthanasia day) was daily taken. The male offspring was 
euthanized at 41dpp (n=12) and at 63dpp (n=12). These ages correspond to 
peripuberty and late puberty, respectively. The accessory glands were weighed 
and the testes were collected for histopathological, biometric, morphometric and 
stereological analyses. The absolute and relative weights of prostate, 
epididymis, seminal vesicle were also obtained. Levels of testosterone, estradiol 
and LH were measured using ELISA (Enzyme Linked Immuno Sorbent Assay). 
Leydig cells were labelled with anti-11HSD antibody and quantified for 
numerical density investigation. The quantitative and qualitative spermatic 
parameters were investigated at 63dpp. The results showed that CBZ caused a 
reduction of body weight gain, an increase of AGI and a delay of testicular 
descent and of preputial separation. CBZ also caused a decrease of 
testosterone level at 41dpp and of sperm count and an increase of abnormal 
sperm at 63dpp. However, LH and estradiol levels and Leydig cell number were 
not affected. Histopathological alterations of the seminiferous epithelium, such 
as vacuolation, were observed at 63dpp. These results indicate that CBZ delays 
   
puberty onset and affects steroidogenesis and sperm quality. Since a significant 
alteration of DAG was not observed in CBZ-rats, it seems that this drug did not 
act during the masculinization programming window; however, taking into 
account the known interference of CBZ with steroidogenesis and the significant 
body weight reduction observed in neonates, a possible anti-androgenic effect 
of CBZ cannot be completely excluded and must be more deeply investigated. It 
is also possible that endocrine and paracrine mechanisms are involved in the 
reproductive alterations caused by CBZ, suggesting that the CBZ mechanism of 
action on reproduction is complex and deserves further studies. 
 
 
 
 
 
 
 
  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                          Introdução 
   
1. INTRODUÇÃO 
CARBAMAZEPINA 
 
A carbamazepina (CBZ) é um composto lipossolúvel tricíclico (BEIG et al., 
2012) utilizado, desde a década de 60, no tratamento da epilepsia (POST et al., 
1983), da neuralgia do trigêmeo (BLOM, 1962; HIMMERKUS et al., 2012), de 
distúrbios bipolares e de dores em geral (MATLOW e KOREN, 2012).  
Os mecanismos de ação dos anticonvulsivantes não são totalmente 
compreendidos; entretanto, sabe-se que a CBZ age sobre o sistema nervoso 
central (LINGAMANENI et al., 2003), atuando na inibição dos canais de sódio 
voltagem-dependentes, os quais são responsáveis pela propagação dos 
potenciais de ação nas fibras nervosas.  
A biotransformação da CBZ é bastante complexa, gerando mais de 30 
metabólitos, em ratos e humanos. Ela é metabolizada, principalmente no 
fígado, pelo complexo enzimático do citocromo P450 (LERTRATANANGKOON 
e HORNING, 1982), gerando o metabólito farmacologicamente ativo 
“carbamazepina-10,11-epoxide" (CBZ-E) (KERR et al., 1994). 
Devido à sua característica lipofílica, a CBZ pode atravessar a membrana 
placentária. Altos níveis desta droga são encontrados no fígado e rins dos fetos 
de mães que ingeriram CBZ durante a gestação. A concentração deste 
fármaco, no leite materno, pode atingir até 60% do nível encontrado no plasma 
(PYNNÖNEN et al., 1977).  
A taxa de mulheres grávidas e com epilepsia, no mundo, é de 0,3 a 0,7 %. 
Em mães epiléticas, riscos de estresse físico e danos ao feto, tais como 
malformações congênitas, têm sido observados (KULAGA et al., 2011; 
MATLOW e KOREN, 2012). A incidência de malformações congênitas em 
neonatos, cujas mães ingeriram fármacos antiepiléticos durante a gestação, é 
de 4 a 6%, enquanto que este índice, na população em geral, é de 2 a 4% 
(MORROW et al., 2006). As anormalidades mais freqüentes, decorrentes do 
tratamento com antiepiléticos são: defeitos no tubo neural, hipoplasia facial, 
microcefalia e restrição do crescimento intra-uterino (HOLMES, 2002). 
Aderência entre as membranas extra-embrionárias e alterações circulatórias no 
saco vitelino também foram observadas após exposição in vitro à CBZ 
(PIERSMA et al., 1998; MATALON et al., 2002).  
   
Mães epiléticas também apresentam maiores riscos de complicações no 
parto que, em alguns casos, após convulsão generalizada, podem conduzir à 
morte do feto (PENNEL, 2002; YERBY et al., 2004). 
   
CARBAMAZEPINA E REPRODUÇÃO 
 
A epilepsia e os fármacos antiepiléticos afetam o sistema reprodutor 
masculino (HERZOG et al., 1986; MIKKONEN et al., 2004). De fato, homens e 
mulheres com epilepsia apresentam fertilidade reduzida em comparação à 
população geral (ISOJÄRVI et al., 2008). Estudos clínicos relatam que homens, 
os quais fazem uso de fármacos antiepiléticos, apresentam aumento nos níveis 
séricos de globulinas que se ligam a hormônios sexuais (SHBG, sex hormone-
binding globulin) e, consequentemente, reduzem os níveis de testosterona 
bioativa, afetando as funções reprodutivas (ISOJÄRVI et al., 2004; 2008; 
HERZOG et al., 2004) e  causando atraso do desenvolvimento sexual (EL-
KHAYAT et al., 2003). Impotência sexual, infertilidade e diminuição da libido, 
associadas à epilepsia e à utilização de fármacos antiepiléticos, ou a ambas, 
são também relatadas na literatura (MACPHEE et al., 1988; ISOJÄRVI et al., 
2008; VERROTTI et al., 2011). 
Além disto, homens submetidos ao tratamento com CBZ apresentam 
aumento da frequência de anormalidades morfológicas nos espermatozóides 
(CHEN et al. 1992; SHETTY e NARAYANA 2007), redução da motilidade 
espermática (ISOJÄRVI et al., 2004), bem como falhas nos processos de 
capacitação espermática, reação acrossômica e, consequentemente, na 
fertilização do oócito secundário  (MORTIMER et al., 1986; ITACH et al., 2012; 
FLOWERS 2013). 
Em trabalho realizado por nosso grupo, observou-se que o tratamento 
crônico com CBZ, desde o desmame e por até 70 dias subsequentes ao 
desmame, causa alterações hormonais, testiculares e epididimárias, as quais 
se iniciam na pré-puberdade, continuam na puberdade e tornam-se mais 
acentuadas na fase adulta. Estes resultados indicam que os danos 
espermatogênicos e epididimários, causados pela CBZ, podem envolver 
múltiplos alvos. Neste particular, a ação primária deletéria da CBZ sobre as 
células da linhagem germinativa pode também ocorrer (OLIVA e MIRAGLIA, 
2009).  
 
 
 
   
CÉLULAS DE LEYDIG 
 
O fenótipo masculino é controlado por dois hormônios testiculares: a) o 
anti-Mülleriano (AMH), secretado pelas células de Sertoli fetal, e responsável 
pela regressão dos ductos paramesonéfricos (de Müller) e b) a testosterona, 
secretada pelas células de Leydig, a qual induz a diferenciação dos ductos 
mesonéfricos (de Wolff) em órgãos do sistema reprodutor masculino (revisado 
por LEJEUNE et al., 1998). Por sua vez, a conversão de testosterona em 
dihidrotestosterona, pela enzima 5α-reductase, é essencial para a 
masculinização da genitália externa (HABERT et al., 2001) e para o 
desenvolvimento das glândulas sexuais acessórias (FLICKINGER, 1970; 
HAYWARD e CUNHA, 2000; LIN et al., 2003; RADMAYR et al., 2008). 
Nos ratos, há duas populações distintas de células de Leydig: as fetais 
(CLF) e as adultas (CLA) (BENTON et al., 1995; HABERT et al., 2001; 
MENDIS- HANDAGAMA e ARIYARATNE, 2001; revisado por  CHEN et al., 
2009; 2010). 
Estudos mostram que as células de Leydig originam-se a partir das 
células mesenquimais (BYSCOV, 1986; BENTON et al., 1995; revisado por 
CHEN et al., 2009), provenientes do mesônefro, as quais migram, 
posteriormente, para o presumível tecido intersticial testicular (WARTENBERG, 
1978; MERCHANT-LARIOS et al., 1993). 
 Em ratos, a diferenciação morfológica das CLF inicia-se entre o 15º e o 
16,5º dia pós-concepção (dpc), coincidindo com a formação dos cordões 
testiculares (ROOSEN-RUNGE, E.C.; 1961; HUHTANIEMI et al., 1984; LEVINE 
et al., 2000; HAIDER, 2004; ENCINAS et  al., 2012). Nestes animais, a 
quantidade dessas células atinge um pico no 19º dpc (68x106 células/grama de 
tecido), sofrendo diminuição gradual (5x106 células/grama de tecido) no 14º dia 
pós-parto (dpp) quando ocorre, então, a transição das CLF para o primeiro 
subtipo de CLA. Deste modo, após a segunda semana de vida pós-natal, a 
densidade numérica de CLA começa a aumentar, atingindo um pico por volta 
do 30º dpp (20x106 células/grama de tecido) (HUHTANIEMI et al., 1984).   
A produção de testosterona pelas CLF, por sua vez, inicia-se no 15,5º 
dpc, alcançando o primeiro pico no 18,5º dpc (HABERT e PICON, 1984).  
   
No rato, o período compreendido entre o 15,5º dpc e o 18,5º dpc, 
denominado “janela de programação da masculinização” (JPM), é um período 
crítico para o desenvolvimento do sistema reprodutor masculino, controlado por 
andrógenos, o qual precede a diferenciação sexual morfológica (MACLEOD et 
al., 2010). De fato, a testosterona, secretada pelas CLF, é importante para a 
diferenciação do sistema genital masculino (HABERT et al., 2001; revisado por 
CHEN et al., 2009) também atuando, de maneira autócrina, na descida 
testicular, por meio da síntese do Fator de Crescimento semelhante à Insulina 
3 (Insl 3), pela própria CLF (ZIMMERMANN et al., 1999). A criptorquidia e a 
hipospádia, por exemplo, estariam associadas à ação deficiente de andrógenos 
durante a JPM (WELSH et al., 2008). 
Estudos realizados por O`SHAUGHNESSY e colaboradores (2003) 
demonstraram que, em camundongos, o hormônio adrenocorticotrófico (ACTH) 
é capaz de regular, durante a vida fetal, algumas funções das CLF, tais como a 
esteroidogênese, evento que, possivelmente, estaria relacionado ao fato de, 
nesse período, a síntese de testosterona ser independente da secreção de 
Hormônio Luteinizante (LH). 
Durante a gestação, algumas células mesenquimais diferenciam-se em 
CLF, enquanto outras se mantêm indiferenciadas. Estas células mesenquimais 
indiferenciadas proliferam e diferenciam-se, pós-natalmente, em CLA (GE et 
al.,1996). 
As CLA têm sido classificadas em: 1-células de Leydig tronco (CLT); 2-
células de Leydig progenitoras (CLP); 3- células de Leydig imaturas (CLI); e, 
por fim, 4- células de Leydig adultas (CLA) (revisado por CHEN et al., 2010). A 
classificação apresentada nesta revisão, entretanto, seguiu os critérios 
morfológicos e funcionais semelhantes ao estabelecido por MENDIS-
HANDAGAMA e ARIYARATNE (2001) que classificaram, por sua vez, as 
células de Leydig em 5 tipos: 1- precursoras mesenquimais (células tipo 
tronco); 2- progenitoras (CLP); 3- adultas recém-formadas (CLRF); adultas 
imaturas (CLI) e adultas maduras (CLM). Neste caso, as CLRF seriam mais um 
subtipo intermediário, diferenciado a partir das CLP, o qual surge no 21º dpp e 
precede as CLI. As CLRF apresentam, nas seções, perfis poligonais ou 
arredondados e estariam situadas na região central do interstício testicular. 
Estas células, menores do que as CLI e as CLM, apresentam núcleo grande e 
   
proeminente, além de citoplasma escasso, com poucas gotículas lipídicas ou 
nenhuma. Elas não expressam a enzima esteroidogênica 11β-Hidroxiesteróide 
Desidrogenase (11 β- HSD) imediatamente após sua formação (MENDIS-
HANDAGAMA e ARIYARATNE, 2001).  
As CLT, com aspecto fusiforme, são visualizadas na gônada no 7º dpp e 
apresentam alta capacidade de proliferação. Elas não sintetizam testosterona. 
Além disso, receptores para LH não são detectados neste tipo de célula 
(revisado por CHEN et al., 2010). 
As CLP podem ser observadas, no tecido intersticial testicular, entre o 10º 
e o 14º dpp e também apresentam alta capacidade de proliferação. Elas 
expressam receptores de LH e possuem a enzima esteroidogênica 3β-
Hidroxiesteróide Desidrogenase (3 β-HSD). Contudo, nestas células, a 
produção de testosterona ainda é baixa (revisado por CHEN et al., 2010). 
A partir do 28o dpp, as CL da linhagem adulta passam a apresentar 
frequentes inclusões lipídicas citoplasmáticas e são então denominadas células 
de Leydig adultas imaturas (CLI). Neste estágio, o nível das enzimas 
esteroidogênicas 3 β-HSD, P450scc, P450c17 aumenta (SHAN, 1993; 
HAIDER, 2004) e, consequentemente, eleva-se o metabolismo e a capacidade 
de produção da testosterona. Por outro lado, a capacidade proliferativa das CLI 
é baixa e, possivelmente, essas se dividam apenas uma vez, entre o 28º e o 
56º dpp, originando as CLA, (revisado por CHEN et al., 2010;), agora com 
características maduras. Elas também apresentam a enzima esteroidogênica 
11β-HSD, ao contrário das CLF e das CLRF (MENDIS-HANDAGAMA e 
ARIYARATNE, 2001). 
Então, por volta do 56º dpp, as CLA, já com características maduras, 
passam a sintetizar grande quantidade de testosterona, além de expressarem 
grande quantidade de receptores LH. Morfologicamente, são células redondas 
e não apresentam inclusões lipídicas (revisado por CHEN et al., 2010). Além 
disso, as CLA maduras apresentam grande quantidade de retículo 
endoplasmático liso e nucléolo proeminente (BENTON et al., 1995). Embora 
estas células dificilmente proliferem, sua população pode ser restabelecida 
após grandes perdas celulares (BENTON et al., 1995). 
Outra classificação, referente ao desenvolvimento das CL na fase pós-
natal, foi apresentada por HAIDER (2004). De acordo com ela, a maturação 
   
das CLA estaria dividida somente em 3 estágios, quais sejam: 1) estágio de 
célula adulta precursora, do 14º ao 28º dpp; 2) estágio de célula adulta imatura, 
a partir do 30º dpp  e 3) estágio de célula adulta madura, a partir do 56º dpp. 
   
ESTEROIDOGÊNESE E JANELA DE PROGRAMAÇÃO DA 
MASCULINIZAÇÃO 
 
No rato, o período correspondente à JPM coincide com o início da 
produção de testosterona pelo testículo fetal, quando o LH não está presente e 
o estímulo para a produção de testosterona é presumivelmente parácrino. 
Desta forma, tem sido demonstrado que, em fetos de ratos, se há 
ação/produção insuficientes de testosterona durante a JPM, isto pode resultar 
em distúrbios de masculinização como: 1- falta de formação do pênis ou sua 
malformação (hipospádia); 2- criptorquidia; 3- próstata subdesenvolvida e 4- 
redução da distância anogenital (DAG) e do comprimento do pênis. Em 
contraste, em ratos, o bloqueio da ação androgênica após a JPM, quando são 
expressos tanto o LH como os receptores de LH, não afeta o processo de 
masculinização, mas pode afetar o alongamento do pênis ou o tamanho dos 
testículos (devido ao reduzido número de células de Sertoli). Por conseguinte, 
é evidente que, ainda no rato, os mecanismos que regulam a produção de 
testosterona testicular, antes da regulação pelo LH, são de suma importância, 
pois é provável que sejam estes os mecanismos alterados quando redução da 
produção de testosterona é observada, resultando em transtornos de 
masculinização do trato reprodutivo (revisado por SCOTT et al., 2009).  
A medida da distância anogenital (DAG) fornece informações da ação de 
andrógenos, especificamente durante o período de ocorrência da JPM  
(WELSH et al., 2008). Ela é uma ferramenta experimentalmente utilizada para 
realização de sexagem, ou seja, distinção de machos e fêmeas, já no período 
neonatal, a qual vem sendo empregada, há anos, por toxicologistas, como um 
índice de exposição fetal ao andrógeno (OSTBY et al., 1999).  
Estudos experimentais demonstraram que a DAG reflete o nível da 
produção/ação de andrógeno durante a JPM, estando altamente relacionada 
com o tamanho dos testículos, da próstata, vesícula seminal e do pênis, nos 
animais adultos (DRIESCHE et al., 2012). De fato, em ratos, a DAG, a qual é 
normalmente 1,7 vezes mais longa em machos adultos do que em fêmeas, é 
determinada por ação de andrógenos durante a JPM, promovendo, assim, ao 
longo da vida, a leitura da ação androgênica ocorrida durante a vida fetal. De 
fato, nesses animais, o tamanho do testículo na fase adulta, o qual reflete a 
   
capacidade de produzir espermatozóides, está positivamente correlacionado à 
medida da DAG, sugerindo que a ação androgênica no período da JPM pode, 
também, ser determinante na produção/contagem de espermatozóides 
(SCOTT et al., 2008).  
Os fatores que controlam a JPM não são muito conhecidos. Entretanto, 
sabe-se que a sua regulação envolve o início da expressão de receptores de 
andrógenos (WELSH et al., 2008).  
Os receptores de andrógenos são expressos no sistema reprodutor de 
machos e fêmeas (WOLF et al., 2002). Ratas fêmeas, expostas intra-
uterinamente a andrógenos, durante o período do 15,5º ao 17,5º  dpc (early 
window), foram completamente “masculinizadas”, conforme evidenciado pela 
formação de próstata e vesículas seminais, pelo aumento da DAG em 
patamares similares ao observado em machos normais e pelo aumento do 
comprimento do falo. Por outro lado, a exposição à testosterona, durante o 
período correspondente ao 17,5º - 19,5º  dpc (middle window), induz, em 
fêmeas, a formação de próstata (mas não de vesículas seminais), o aumento 
da DAG em relação a fêmeas controles e do comprimento do falo.  Portanto, 
tanto em fêmeas como em machos, andrógenos podem agir durante o período 
da JPM, masculinizando próstata, vesículas seminais, DAG e causando o 
alongamento do falo, que é também sensível ao andrógeno fora do período 
entre o 15,5º e 17,5º dpc (early window) (WELSH et al., 2008).  
A produção de testosterona intratesticular inicia-se entre o 14,5º e 15,5º 
dpc (HABERT e PICON, 1984), ao mesmo tempo em que os receptores de LH 
são expressos (WARREN et al., 1984). No entanto, a secreção de LH inicia-se 
somente no 17,5º dpc e alcança um pico entre o 20,5º e o 21,5º dpc, ou seja, 
após o início da secreção de testosterona, sugerindo que, nesse período, o 
controle hipotalâmico da função gonadotrófica é inoperante, não atuando na 
regulação da esteroidogênese testicular (revisado por SCOTT et al., 2009).  
A síntese de testosterona ocorre a partir de sequências de reações 
enzimáticas que resultam na conversão do colesterol em pregnenolona e esta, 
posteriormente, em testosterona (ZIRKIN e CHEN, 2000).  
As células esteroidogênicas obtêm colesterol de três formas: a) a partir de 
sua biossíntese - fenômeno que ocorre dentro da célula; b) por meio de 
lipoproteínas circulantes, que são metabolizadas, produzindo colesterol 
   
esterificado, armazenado sob forma de gotículas lipídicas ou colesterol livre, 
para imediata biossíntese de esteróides; ou c) a partir da hidrólise de ésteres 
de colesterol, armazenados dentro de gotículas lipídicas das células 
esteroidogênicas (STOCCO e MCPHAUL, 2006).  
A regulação da biossíntese de esteróides é realizada pela mitocôndria. 
Uma etapa importante para que a esteroidogênese ocorra é a transferência do 
colesterol da membrana mitocondrial externa para a membrana mitocondrial 
interna, sendo este um processo dependente da ação da proteína 
esteroidogênica reguladora aguda (StAR) (KOTULA et al., 2001; STOCCO, 
2001; HALES et al., 2005). Cabe ressaltar que StAR é uma proteína expressa 
em tecidos esteroidogênicos, estimulando a produção de andrógenos 
(STOCCO, 2001). 
De modo geral, a produção de esteróides é estimulada pela liberação do 
LH, produzido pela adenohipófise. Esta, por sua vez, é estimulada pelo 
hormônio liberador de gonadotrofinas (GnRH), produzido no hipotálamo 
(EACKER et al., 2008; MIDZAK et al., 2009). 
A produção de testosterona pelas CLA ocorre sob controle do LH, que se 
liga aos receptores de membrana das CL e atua no mensageiro intracelular 
secundário (cAMP), regulando a produção deste hormônio (HALES et al., 
2005). O LH se liga aos receptores presentes na membrana plasmática das 
células de Leydig, ativando a adenilato ciclase e aumentando a formação 
intracelular de monofosfato de adenosina ciclíco (cAMP) e translocando o 
colesterol para dentro da mitocôndria. A associação do colesterol com o 
sistema da monoxigenase do citocromo P450 determina a conversão do 
colesterol em pregnenolona. Esta, por sua vez, é transportada para o retículo 
endoplasmático liso, que realiza, a partir de uma série de reações, a conversão 
da pregnenolona em testosterona (ZIRKIN e CHEN, 2000). 
A testosterona sintetizada pelas CL e secretada para o sistema 
circulatório pode ser metabolizada, em tecidos “alvos”, pela enzima 5 α-
reductase, em dihidrotestosterona (metabólito ativo) ou, pela enzima 
aromatase, em 17 β-estradiol (STOCCO e MCPHAUL, 2006). Assim, com 
referência à reprodução, concentrações adequadas de testosterona são 
necessárias para: 1- a diferenciação sexual secundária, durante a fase 
embrionária (SWERDLOFF e WANG, 1996); 2- o estabelecimento do início da 
   
puberdade (STOCCO e MCPHAUL, 2006); 3- o desenvolvimento e a 
manutenção dos caracteres sexuais secundários (SWERDLOFF e WANG, 
1996); 4- a ocorrência normal do processo espermatogênico (STOCCO e 
MCPHAUL, 2006). 
Os hormônios esteróides (aldosterona, corticosteróides, estradiol, 
progesterona e testosterona) atuam na resposta ao estresse, no 
desenvolvimento das características sexuais secundárias, no controle do ciclo 
menstrual e na espermatogênese (EACKER et al., 2008).  
Estilo de vida e compostos presentes no meio ambiente podem afetar a 
esteroidogênese durante o período referente à JPM, (revisado por SCOTT et 
al., 2009).   
Há relatos na literatura de que a CBZ, administrada em ratos, pode causar 
alterações da esteroidogênese testicular, através da inibição do sistema da 
monoxigenase do citocromo P450, responsável pela biossíntese de esteróides 
sexuais (KÜHN-VELTEN et al., 1990; OHNISHI e ICHIKAWA, 1997). Além de 
atuar negativamente sobre a esteroidogênese testicular, estudos prévios 
indicam também que a CBZ pode alterar a espermatogênese (SOLIMAN et al., 
1999; OLIVA e MIRAGLIA, 2009), através de outros mecanismos, que não o 
anteriormente mencionado (HAYASHI et al., 2005). Por outro lado, dados 
experimentais sobre a espermatogênese e os níveis de hormônios sexuais em 
ratos expostos a CBZ, durante a fase pré-natal e amamentação, não foram 
encontrados na literatura. Este é um assunto de suma importância, uma vez 
que diversos estudos mostraram que a exposição à CBZ, no primeiro trimestre 
de gestação, aumenta o risco para malformações congênitas (JENTINK et al., 
2010). É também importante considerar-se o fato de que pacientes epilépticos 
precisam fazer uso contínuo de anticonvulsivantes e que, em mulheres 
grávidas, a retirada da droga envolve a avaliação dos riscos inerentes, com 
perda de controle de crises convulsivas e sua potencial implicação, não só para 
a mãe e o curso de sua gravidez, mas também para a criança gerada (ADAB et 
al., 2004; TOMSON e HIILESMAA, 2007). 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                       Justificativa 
   
2. JUSTIFICATIVA 
Conforme mencionado anteriormente, dados referentes aos possíveis 
efeitos adversos tardios da CBZ sobre a reprodução masculina da prole, os 
quais podem ser causados pela exposição das mães ao referido fármaco, 
durante a gestação e lactação, são escassos, fragmentados e praticamente 
inexistentes na literatura correlata.   
Desta forma, considerando os protocolos de uso contínuo de CBZ, 
indicados em clínica para tratamento de mulheres em idade fértil e com 
potencial reprodutivo e, em decorrência do fato da CBZ alterar os níveis de 
testosterona bioativa, a esteroidogênese testicular como também a 
espermatogênese, conjeturou-se que a exposição ininterrupta de ratas prenhes 
e lactantes a este fármaco poderia acarretar, na prole masculina, atraso no 
estabelecimento da puberdade e alterações reprodutivas na puberdade tardia.  
 Assim, este estudo experimental propôs investigar a possível ação da 
CBZ, visando contribuir para o esclarecimento da ação tardia deste fármaco 
sobre a maturação sexual masculina e a espermatogênese da prole, 
proveniente de mães tratadas durante toda a prenhez e lactação. 
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3. OBJETIVOS 
Ainda que a CBZ seja um fármaco bastante utilizado no controle de 
epilepsias e de outros distúrbios, a literatura existente evidencia que ela pode 
alterar a esteroidogênese testicular e a qualidade espermática reduzindo, 
portanto, a fertilidade masculina.  
Em estudo anterior, realizado por nosso grupo, foram detectados 
potenciais prejuízos sobre o sistema reprodutor masculino de animais tratados 
com CBZ, a partir do desmame, até as fases de puberdade, puberdade tardia e 
adulta (OLIVA e MIRAGLIA 2009; OLIVA et al., 2012). 
Diante dos resultados obtidos previamente, referentes aos danos 
causados pela CBZ à reprodução masculina, quando administrada na fase pós-
natal, propôs-se, então, estudar os efeitos deste fármaco sobre a reprodução 
da prole masculina de mães que foram tratadas durante toda a gestação e 
lactação, investigando as alterações concernentes:1- à análise quantitativa da 
população de células de Leydig da linhagem adulta; 2- ao estabelecimento da 
puberdade; 3-  à avaliação da concentração plasmática dos hormônios 
luteinizante (LH)  e sexuais  e  4- à avaliação espermática desses animais, 
durante o  desenvolvimento sexual pós-natal.  
Com o objetivo de alcançar essas metas, os seguintes parâmetros foram 
investigados nas proles masculinas de mães controles e tratadas com CBZ: 
a) aos 41 e 63 dias de idade: 
1. Peso corpóreo e ganho diário de peso; 
2. Distância anogenital; 
3. Índice anogenital; 
4. Tempo de descida dos testículos; 
5. Tempo de separação prepucial; 
6. Níveis hormonais plasmáticos de testosterona, estradiol e LH;  
7. Densidade numérica das células de Leydig; 
8. Morfologia, biometria, morfometria e estereologia dos testículos; 
9. Biometria dos epidídimos, da próstata e das vesículas seminais; 
 
 
 
 
   
b) aos 63 dias de idade: 
10. Concentração de espermátides 19 (por órgão e por grama de órgão) e 
Produção diária de espermatozóides; 
11. Concentração de espermatozóides nos segmentos epididimários 
(cabeça+corpo e cauda, por órgão e por grama de órgão); 
12.  Trânsito espermático; 
13.  Frequência de espermatozóides com formas morfologicamente 
anômalas.  
 
O peso corpóreo das mães controles e tratadas com CBZ foi também 
diariamente obtido e, assim, apresentada a curva ponderal. 
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Abstract 
Carbamazepine (CBZ) is an anti-epileptic drug that acts on Leydig cells, 
affecting steroidogenesis and causes foetal malformation. The aim of this study 
was to investigate the effects of CBZ on male sexual maturation and other male 
parameters. Rat dams were treated with CBZ during pregnancy and 
breastfeeding. The anogenital distance (AGD) and the anogenital index (AGI) 
were obtained. Testicular descent and preputial separation were also evaluated. 
The offspring was euthanized at PND 41 and 63. The accessory glands were 
weighed and the testes were collected for histopathologic, morphometric and 
sterological analyses. The numerical density of Leydig cells and hormone 
dosage were obtained. CBZ caused an increase of AGI and a delay of testicular 
descent and of preputial separation. CBZ also caused a decrease of 
testosterone level and of sperm count and an increase of abnormal sperm. 
These results indicate that CBZ delays puberty onset and affects 
steroidogenesis and sperm quality. 
 
Key-words: carbamazepine, testosterone, puberty, sperm parameters, rat, 
pregnancy, breastfeeding, Leydig cell. 
 
 
 
   
 
1. Introduction 
Antiepileptic drugs (AEDs) are used to treat a variety of neuropsychiatric 
illnesses commonly encountered in women during their reproductive years, 
including epilepsy and bipolar disorder. For the past few decades, 
carbamazepine (CBZ) has been used as an effective treatment of seizures, 
bipolar disorder, and certain types of pain [1]. Despite their widespread use, the 
impact of maternal exposure on fetal development remains obscure [2] .CBZ is 
one of the most commonly used antiepileptic drugs in Europe among women of 
childbearing age [3]. Treatment of active epilepsy is important during pregnancy 
because seizures can lead to falls, injury and physical stress that can endanger 
the health of the woman and the fetus [4].  
Various clinical and experimental studies involving the effects of CBZ and 
other AEDs on male reproduction have been carried out. However, they have 
focused mainly the seminal alterations occurred as a result of drug 
administration in adult phase. The alterations reported include reduced sperm 
motility and concentration, as well as sperm morphological alterations [5,6]. 
Another common side effect related to the CBZ long-term treatment is an 
increase of sex hormone binding globulin (SHBG) levels in the plasma, resulting 
in a reduction in the level of free bioactive testosterone [7,8]. Moreover, CBZ 
can alter steroidogenesis by inhibiting the cytochrome P450 monooxigenase 
system that is responsible for the biosynthesis of the sexual steroid hormones 
[9,10]. Postnatal therapy with CBZ can lead to endocrine changes and has a 
negative late impact on pubertal development and fertility of both boys and 
young men [11]. CBZ also provokes seminal alterations when used during the 
adulthood [5,6]. In a previous study, our group evaluated the side effects of CBZ 
on the spermatogenic process of rats from weaning to peripuberty, puberty, as 
well as their sexual maturation in adult phase; late seminiferous epithelium 
damage and alterations of the sex hormone levels were noted in these rats. 
CBZ, when administered from pre-puberty, can provoke specific side effects on 
rat testes, resulting in more severe damage in the adult phase [12]. 
 In addition, CBZ is able to cross membranes in the body such as blood-
brain [13] and placental barriers [14,15]. It has been shown that it can 
   
accumulate in the placental tissue and quickly reach the embryo, leading to 
toxicity in post-implantation rat embryo [16]. In addition, CBZ is also excreted 
into breast milk [15]. Although around 3000 pregnancies with recorded CBZ 
exposure have been described in the literature, each individual study on its own 
is too small to have the statistical power to detect risks for specific congenital 
malformations compared with other antiepileptic drugs [17,18,19,3].  
As previously mentioned, the effects of CBZ on spermatogenesis, after 
post-natal administration, has been addressed [5,6,12]. Conversely, 
experimental data about spermatogenesis and sex hormone levels in rats 
exposed to the CBZ during the prenatal phase and breastfeeding were not 
found in the literature. This is an important subject, since several studies 
showed that CBZ exposure in the first trimester of pregnancy increases the risk 
for major congenital malformations [3]. It is also important to take into account 
that epileptic patients need to make continuous use of anticonvulsants and that, 
in pregnant women, the drug withdrawal involves a balance of risks with loss of 
seizure control having potential implications not only for the mother and the 
course of her pregnancy but, probable, her child as well [20,21]. 
Considering all these data, we decided to scrutinize the effects of CBZ 
treatment on the sex hormones and LH levels, as well as on testicular, 
epididymal and spermatic parameters in rats from mothers exposed to CBZ 
during all pregnancy and breastfeeding. In addition, we hypothesize that, in 
these circumstances, CBZ could alter the adult Leydig cell population as well as 
act on the masculinization programming window, delaying the puberty onset in 
the progenies. 
 
2. Material and Methods 
2.1. Animals 
Twenty-six females and 13 males Wistar rats 100 days old were housed in 
polypropylene cages (40x30x15cm) filled with a layer of white pine shavings, 
under controlled conditions: hygiene, photoperiod (12h light/dark cycle), 
humidity (60%) and temperature (22-23oC). They had free access to tap water 
and commercial lab chow (Nuvilab, Nuvital Nutrientes). The females were 
mated overnight with males (two females per male); every morning, males were 
   
separated from the females and vaginal smears of each female were examined 
for the presence of sperm; sperm presence in vaginal wet smears was defined 
as the first day of pregnancy [22]. The rat dams were treated with CBZ or 
propylene glycol during whole gestation and breastfeeding period, as 
sequentially described. Pregnant rats were observed every morning for signs of 
toxicity. The pregnant rats were housed individually and observed daily for 
delivery. The rat dams were daily weighed during whole pregnancy and 
breastfeeding for analysis of weight gain. From the progenies obtained, six 
newborn rats (preferentially males) were kept with their dams throughout the 
breastfeeding period to obtain better and equal feeding for all pups. After 
weaning (21 days), the rats were maintained in the cages (four per cage) at 
standard controlled conditions. The males (2 pups per litter from each 
experimental group) were submitted to euthanasia at 41 (peripuberty [23]) and 
63 (late puberty) days of age [24]. In rats, at 63 days of age, the testes are still 
growing and the number of step 19 spermatids per testis and per gram of testis 
and the daily sperm production are not stabilized [25]. The day of birth was 
considered postnatal day (PND) zero. 
The experimental protocol followed the ethical principles adopted by the 
Brazilian College of Animal Experimentation. The schedule for animal care and 
treatment was approved by the local Institutional Ethical Committee (Protocol 
number 0513/11).  
 
2.2. Experimental Schedules  
A total of 48 male pups from Control and CBZ rat dams were used in this 
study. Thus, the male progenies were randomly divided into two groups with 24 
animals each: CBZ group, whose dams were 20mg/Kg/day CBZ-treated (C-
8981, Sigma Chemical Co., St. Louis, MO; 99.5% purity) diluted in propylene 
glycol (20 mg/mL) and Control (C) group, whose  dams were treated with 
propylene glycol (vehicle of CBZ), following the same protocol of CBZ group. 
CBZ and propylene glycol were administered via intraperitoneal route (i.p.) 
during all pregnancy and breastfeeding. The rats of each group were again 
distributed into two subgroups (n=12) according to the euthanasia ages (PND 
41 and 63). The CBZ dose chosen in the current study is the usual 
anticonvulsive dose used for preventing kindled seizure in Wistar rats [26,27].  
   
 
 
2.3. Body Weight, Anogenital Distance and Sexual Development 
At the PND 4, the body weight was obtained and the anogenital distance 
(AGD) of each male pup was recorded with a digital micrometer caliper. The 
AGD is defined as the distance between the anterior end of the anus and the 
posterior end of the genital papilla [28].  The anogenital index (AGI) of male 
pups was also calculated; it is defined as the ratio between the AGD and the 
body weight at the moment of examination [AGI (mm/g) = AGD/ body weight 
[29]. After the obtainment of these morphometric measurements, the neonate 
male rats were kept with their dams until the weaning after what they were 
allocated in the cages (4 rats/ per cage) up to the euthanasia ages: 41 or 63 
days. Thus, the following subgroups (n=12 each one) were formed based on the 
type of their dam treatment and on the euthanasia age: a) Control subgroups: 
C41 and C63; b) CBZ subgroups:  CBZ41 and CBZ63. 
The weights of the male progenies (subgroups C41, CBZ41, C63 and CBZ 
63) were daily obtained, during the whole experiment to evaluate body weight 
gain. Each subgroup was constituted of rats from different dams. 
For sexual development evaluation, the day of the testicular descent was 
monitored by daily palpation of the scrotum from PND 15 [30]. From PND 33, 
the preputial separation was also daily investigated through manual retraction of 
the prepuce [31,32,33]. A magnifying glass was used for this goal. The preputial 
separation was classified as: a- stage 1: start of separation; b- stage 2: prepuce 
could be retracted about halfway between the point of initial separation and the 
base of the phallus, and c- stage 3: when separation was complete [34]. 
 
2.4. Blood Collection and Hormonal Analysis 
The peripubertal and late pubertal rats were weighed and submitted to 
euthanasia through CO2 inhalation [35]. Clexane (Sanofi Winthrop Industry – 
France) (1mL/Kg) was administered 10 minutes before the euthanasia. The 
blood was collected from the inferior cava vein and the plasma was separated 
and stored at −20°C for further hormonal analyses [12]. Luteinizing hormone 
(LH), testosterone and estradiol plasma levels were determined by Enzyme-
   
Linked Immunosorbent Assay (ELISA) using the kits (Uscn Life Science Inc., 
Wuhan, P.R. China) according to the manufacturer's instruction.  
 
2.5. Morphometric and Histological Procedures  
The PND 41 and 63 rats had their testes, epididymis, seminal vesicle and 
ventral prostate removed and weighed. Seminal vesicles were weighed. The 
relative weight of the testis, epididymis, seminal vesicle and ventral prostate 
(mg⁄100g of body weight) was also calculated. The testicular volume (Vt) of 
these animals was determined according to the Scherle’s method [36]. In 
sequence, testes of PND 41 and PND 63 rats were immersion-fixed in Bouin’s 
liquid according to Russell et al. [37] and Nolte et al. [38]. One half of each 
collected testis was fixed for 48h and Paraplast Plus-embedding (P-3683, 
Sigma Chemical Co., St. Louis, MO) for histopathological, morphometric and 
stereological analyses. The other testicular half was fixed for 24h and 
embedded in paraffin for immunohystochemical study (item 2.9.). At the PND 
63, only the left testis was collected for histopathological, morphometric, 
stereological and imunohistochemical analyses while at PND 41 the both testes 
were used for this goal; the right testes of PND 63 rats were frozen for 
subsequent spermatic analysis.  
 
  2.6. Morphometric and Stereological Testicular Analyses 
Four micrometer-thick testicular cross sections from the 48 hour-fixed 
Paraplast blocks were submitted to the Periodic Acid-Schiff histochemical 
method with Harris’s Haematoxylin counterstaining (PAS+ H) [39,40]. The 
seminiferous tubule sections were systematically randomly sampled and 
scrutinized using the Leica QWin-V3 (Cambridge, UK) image analysis system, 
using x20 and x40 objective lenses; the images were captured using a digital 
camera connected to a light microscope.  
Volume densities (Vv) of the seminiferous epithelium, lymphatic space, 
interstitial tissue and tubular lumen were achieved at PND 41 and 63 using a 
25-point integrating eyepiece attached to a light binocular microscope [41]. The 
points were counted in 30 random fields of testicular sections, totalizing 750 
points per animal (for each section analysed).  The volume (V) of each 
component of the testis was estimated by multiplying the respective volume 
   
density (Vv, in percentage) by the total testis volume (Vt, Sherle’s method, [36]) 
and dividing this result by 100 [42].  
The diameter of the androgen-dependent tubule sections [43], i.e., stages 
VII and VIII at PND 41 and 63, was also determined using the Leica QWin-V3 
(Cambridge, UK) image analysis system. The testicular sections of CBZ and 
Control rats, in both ages cited, were totally scrutinized and the seminiferous 
tubule sections in androgen-dependent stages were measured using x20 
objective lens magnification. When the sections were slightly oblique, only the 
minor axis was considered [42].  
 
2.7. Sperm Count, Daily Sperm Production and Sperm Transit Time 
The right testes and epididymis of PND 63 rats were collected at the same 
time and frozen at -20ºC. The organs were thawed and homogenized. 
Homogenization-resistant testicular elongated spermatid nuclei with a shape 
characteristic of step 17-19 spermatids and sperms were respectively collected 
from the right testis and from the right epididymis (caput/corpus and cauda) of 
the Control and CBZ-treated animals at PND 63, for analysis and count, as 
previously described [25]. The testicular and epididymal sperm number were 
expressed by organ and in grams (g) of organ. Daily sperm production (DSP) 
was obtained dividing the total number of homogenization-resistant spermatids 
per testis by 6.1 days, as this is the length of time that spermatids are kept in 
the epithelium in each seminiferous cycle. The sperm transit time through the 
epididymis was determined dividing the number of sperm in each portion by the 
DSP [25].  
 
2.8. Sperm Morphology  
Samples of fluid were obtained from the cauda of the left epididymis of the 
PND 63 rats (subgroups CBZ63 and C63) for sperm morphology analysis. 
Samples of 3µL of the epididymal fluid obtained from the left epididymis cauda 
were homogenized in 2 mL of bidistilled water. One drop of the solution was 
smeared onto a glass slide and air-dried. The smears were stained by the 
Shorr/hematoxylin method.  
For morphological evaluation, 200 spermatozoa were randomly analysed 
and the percentage of abnormal spermatozoa was obtained.  The abnormal 
   
characteristics considered were: (1) head abnormalities; (2) tail abnormalities 
and (3) presence of round cells [44]. 
 
 2.9. Imunohistochemical analysis  
Testicular cross-sections (6µm) of CBZ and Control groups at 41 and 63 
PND were obtained from the 24 hour-fixed paraffin blocks. The sections were 
submitted to the immunolabeling of Leydig Cells (LC) for 11β-Hydroxysteroid 
Dehydrogenase type II. The sections were deparaffinized, hydrated, treated 
with proteinase K (20μg/ml) for antigen retrieval and submitted to endogenous 
peroxidase inactivation (3% H2O2). The sections were treated with 0.1% Triton-
X100 (30 minutes) and 20% BSA (1h). The slides were incubated with the 
primary antibody anti-11β-Hydroxysteroid Dehydrogenase type II (sheep anti-rat 
11βHSDII - AB1296, Chemicon®, 1:1500) at room temperature for 1h.  The 
slides were washed in PBS (0.05M, pH 7.4) and incubated with the biotinilated 
secondary antibody and streptavidin-HRP (LSAB kit, DAKO®) for 30 minutes 
each. The reaction was revealed by 3,3’-diaminobenzidine (DAB, DAKO®) and 
the sections were counterstained with Harris’s Hematoxylin. Only cells showing 
intense dark-brown labeling were considered positive. Negative controls were 
performed by omitting the primary antibody.  The enzyme 11β-HSD-II is present 
only in adult LC lineage [45,46]. 
 
2.10. Numerical density (Nv) of Leydig cells (LCs) 
To assess the relative numbers of 11β-HSD-II-positive LCs at PND 41 and 
63, the numerical density (Nv) of these cells was obtained. The Nv was 
expressed by the ratio between the number of labeled cells and the volume of 
the tissue analysed [47]. The cell counting and the tissue volume were obtained 
using the Leica QWin-V3 (Cambridge, UK) image analysis system, using x50 
objective lens magnification. The images were captured using a digital camera 
connected to a light microscope.  
Thirty fields per rat were randomly analysed in the interstitial tissue of each 
left or right testicular section, depending on the euthanasia age. To avoid 
overestimation of cell counts due to section thickness, a unique focus plan 
(upper plan) was chosen [48,47]. Only the cell profiles that showed a 
   
conspicuous and clear nucleus were scored. To obtain the Nv, the volume of 
Optic Disector (Vdis) [49] was calculated according to the following formula: 
 [Vdis= area of the interstitial tissue examined X section thickness].  
Thus, the total volume of Optical Disector (ΣVdis) was calculated as the 
sum of the areas corresponding to all interstitial testicular fields analysed 
multiplied by the section thickness. As a result, Nv of the LC could be obtained 
dividing the total number of the scored cells by the total volume of Disector: 
[Nv = total number of scored LC / total volume of the analyzed interstitial 
tissue]. 
Thus, the total number of 11β-HSD-II-positive LCs was expressed per 
centimeter cubic (cm3) of testicular interstitial tissue. 
 
 2.11. Statistical analysis 
The data were submitted to parametric or non-parametric tests using 
SigmaPlot software 12.0. Data that passed the normality test were submitted to 
t- test (Student’s test). The non-parametric Mann-Whitney´s test was used to 
compare data that failed the normality test. Differences were considered 
significant when p≤0.05. 
 
3. Results 
3.1. Pregnancy length and body weight gain  
The CBZ-exposed dams did not show significant alterations in body weight 
gain during pregnancy or in the breastfeeding period when compared to the 
respective control dams (Fig.1). However, the length of gestation was different 
between the two experimental groups. Twenty percent of CBZ-exposed dams 
showed increased gestation length (data not shown).  
 
3.2. Body weight gain of pups 
The treatment of dams with CBZ during pregnancy and breastfeeding 
caused a significant decrease of the body weight gain in the male offspring from 
PND 4 to PND 50. From the PND 51 to PND 63 this parameter did not show 
significant alteration in the offspring from CBZ-exposed dams in comparison 
with the Control dams offspring (Fig. 2). 
 
   
3.3. Anogenital Distance (AGD) and Anogenital Index (AGI) 
Significant alterations of the AGD were not observed in male pups from 
the control and CBZ-treated dams (Fig. 3). On the other hand, the AGI showed 
a significant increase in male pups from CBZ-treated dams (Fig. 4). 
 
3.4. Descent of the testis and preputial separation 
In utero CBZ-exposed offspring presented significant delay of the time of 
the testicular descent and of preputial separation. Moreover, the delay in time of 
preputial separation coincided with a decrease of body weight (Table 1). The 
preputial separation was completed in both groups.  
 
3.5. Reproductive parameters in the peripuberty and late puberty 
Male progenies from CBZ-treated dams during whole pregnancy and 
breastfeeding showed a decrease of the final body weight and of the absolute 
testicular and ventral prostate weights at PND 41 (CBZ41 subgroup) when 
compared to the corresponding C41 Control subgroup. Significant reduction in 
the ventral prostate relative weight was also noted in animals of the CBZ63 
subgroup in comparison with the C63 Control subgroup. Nonetheless, the 
absolute and relative weights of the epididymis and seminal vesicle from in 
utero CBZ-exposed groups (CBZ41 and CBZ63) did not show significant 
differences in comparison with their Control subgroups (C41 and C63) (Table 
2).  
The testicular volume in the CBZ41rats showed significant reduction 
compared to C41 (Fig. 5), whereas the total seminiferous tubule diameter as 
well as the diameter of the tubular sections at androgen dependent stages (VII 
and VIII) did not show significant differences in the animals of both groups at 
PND 41 and 63 (data not shown). 
The volume density (Vv) of the testicular components (seminiferous 
epithelium, interstitial tissue, lymphatic space) and of the tubular lumen of the 
CBZ41 and CBZ63 rats did not show significant alterations when compared to 
the Control subgroups at corresponding ages. Evident reductions in the volume 
(V) of the seminiferous epithelium were observed in the CBZ41 subgroup in 
comparison with the respective Control rats (Table 3). 
 
   
 
3.6. Spermatic parameters 
The exposure of dams to CBZ during gestation and breastfeeding caused 
a significant decrease in sperm count in the epididymis cauda in the offspring at 
63 PND (CBZ63 subgroup). On the other hand, no difference was observed in 
the counts of testicular step 19 spermatids, daily sperm production, sperm count 
in epididymal caput/corpus and sperm transit time between the Control (C63) 
and CBZ-treated (CBZ63) subgroups (Table 4). 
In addition, a significant increase of the morphologically abnormal sperm 
frequency in the CBZ63 rats was observed (Table 4). The most frequent 
abnormality observed was the presence of isolated sperm tails [Control: 4(1.5-
6.5); CBZ63: 11(7.75-12.75); data expressed in median and inter-quartile range; 
p ≤ 0.05]. Round cells were not observed in the epididymal fluid of the C63 and 
CBZ63 rats. 
 
3.7. Hormone levels 
Plasma testosterone levels were significantly lower in CBZ41 rats in 
comparison with the C41 Control rats (Fig.6). The estradiol and LH plasma 
levels did not show significant alterations when CBZ rats and their 
corresponding Control rats were compared (Fig. 7 and 8). 
 
3.8. Numerical densities of 11 β- HSD- II positive-cells 
The presence of 11 β- HSD- II enzyme was detected in Leydig cell (LC) 
cytoplasm in all subgroups (Fig. 9). The numerical density of 11 β-HSD-II-
positive LC was not statistically different when CBZ41 and CBZ63 subgroups 
and their respective Control subgroups were compared among them (Fig. 10).  
 
3.9. Histopathological analysis  
Rat testicular sections of the C41 and C63 Control subgroups, as well as 
of the CBZ41 and CBZ63 subgroups showed normal histological characteristics 
in the different phases of sexual development and also presented normal and 
typical cellular associations of the stages of the seminiferous epithelium cycle 
(Fig. 11A, B and C). However, small intraepithelial vacuolization located in the 
   
basal compartment of the seminiferous tubules was a frequent occurrence 
observed in rats of the CBZ63 subgroup (Fig. 11D). 
 
4. Discussion 
The reproductive hormone status in humans is considerably different 
among adults, children and adolescents. Endocrine alterations due to long-term 
CBZ treatment may cause a negative effect on pubertal development and 
fertility of boys and young men [11]. The repercussion of drug action on puberty 
onset can be even more complex when the treatment occurs during pregnancy 
and continues during breastfeeding. Anogenital distance, preputial separation 
and testicular descent are androgen dependent phenomena that indicate 
pubertal development and are important parameters to be considered when 
scrutinizing the anti-androgen effects of a given agent. 
AGD measurement is an indicator for endocrine disruption in animals and 
may be shorter in infant males with genital anomalies [50]; this measurement 
has been used, for example, as a sensitive biomarker of the effects of 
antiandrogens such as dibutylphthalate [51], flutamide [52], finasteride [53] and 
atrazine [54]. Besides, longer anogenital distance may predict normal male 
reproductive potential [50]. In addition, the anogenital index (AGI) reflects the 
masculinization process and is significantly higher in males than in females [55]. 
In the rat, it has been demonstrated that androgen-mediated development of 
normal male reproductive system occurs via androgen “programming” within a 
specific foetal time window [embryonic days 15.5-18.5], that precedes 
morphological differentiation and relevant development of the tissues [56]. So, 
reduced anogenital distance (AGD) can be used to scrutinize the androgen 
production ⁄ action during the masculinization programming window (MPW).  In 
the present study, considering that AGD did not vary in male pups, it is possible 
to suggest that the exposure of rats to CBZ during the whole pregnancy did not 
have a relevant action in the masculinization programming window (MPW). 
Conceptually, it is reasonable to anticipate that AGD might vary with pup body 
weight. Therefore, agents with no endocrine activity might induce apparent AGD 
alterations if they affect overall pup size. Conversely, AGD alterations might go 
undetected after the treatment with agents that have hormonal effects if they 
also induce an offset change in pup body weight [57]. As previously mentioned, 
   
a decrease of body weight in the CBZ-exposed male pups occurred and indeed, 
this event contributed to the significant increase of AGI.  
Alterations of body weight have been commonly observed during 
treatment with antiepileptic drugs. A transient retardation of early postnatal 
growth (lower body weight and smaller mean length increment in the first 
postnatal month) has been noted in children of epileptic mothers exposed to 
CBZ in utero in comparison to non drug-exposed children, what could possibly 
involve a reversible suppression of thyroid function [58]. However, in the 
present study, the decrease in the body weight gain caused by CBZ lasted from 
birth until PND50. The influence of CBZ in the body weight seems to be 
controversial since, in a previous study, our group showed that rats treated with 
CBZ from the weaning until the peripuberty or puberty (respectively PND 43 and 
63) did not show a significant alteration of body weight at euthanasia day [12] or 
significant alterations of the body weight gain during the experiment 
(unpublished data). This difference between our present and the previous 
results is probably related to the different periods of treatment.  
No difference in the numerical density of adult Leydig cells was observed 
between Control and CBZ rats at the ages investigated (PND 41 and 63). These 
data were unexpected since, in these rats, the significant testosterone level 
reduction at PND 41 indicates steroidogenesis alteration. This last datum 
corroborates with the interference of CBZ with the puberty onset. In fact, plasma 
and testicular testosterone levels have the first post-natal significant increase 
between days 39 and 41 [59,60] after this peak, testosterone levels increase 
progressively up to 50 days of age [59]. Thus, although testosterone level was 
not daily measured in the present study, it is reasonable to consider the 
possibility that testosterone reduction observed at PND 41 was maintained until 
PND 50, when the rat becomes pubertal [25], but this needs confirmation. 
Indeed, puberty is a time of significant weight gain and so, during pubertal 
development, interactions between growth hormone (GH) and the sex steroid 
hormones are striking and pervasive. Studies in adolescent boys showed that 
the rising concentrations of testosterone during puberty play a pivotal role in 
augmenting spontaneous secretion of GH and production of insulin-like growth 
factor I (IGF-I) [61]. Therefore, a possible slower increase of testosterone level 
could be considered as an adding factor to the concomitant reduction of the 
   
body weight gain in CBZ rats.  
Besides altering sex hormones, CBZ treatment can also affect other 
parameters that control the synthesis of these hormones, such as the peptide 
ghrelin, a potent stimulator of growth hormone secretion from the anterior 
pituitary gland, has been proven to dose-dependently inhibit the testicular 
testosterone secretion in vitro, to modulate Leydig cell proliferation in vivo [62] 
and to regulate key aspects of testis physiology, such as steroidogenesis, 
Leydig cell proliferation and tubular function [63]. Levels of ghrelin are reduced 
in epileptic children under treatment with carbamazepine in comparison to 
healthy age- and weight-matched subjects [64]. Consistent with its role in 
modulating gonadotropin secretion, ghrelin delays pubertal onset, in both male 
and female rats, but males appear to be more sensitive than females [63].  
Thus, it is possible that, in the present study, the in utero and breastfeeding 
exposure of males has caused an alteration of ghrelin level that could, 
indirectly, contribute to the reduction of testosterone level at PND 41 and lead to 
alterations of other androgen–dependent events, such as balano-preputial 
separation (BSP) and testis descent delays observed in CBZ rats. In rodents, 
the testicular descent occurs after PND 15 [30] and the BSP, an external sign of 
pubertal development in the male rat, occurs around PND 39 [65]. It is has been 
suggested that elevated ghrelin levels may operate as a negative modifier of 
key reproductive states, such as pregnancy and male puberty onset and 
partially prevented the normal occurrence of BPS [66]. 
Testosterone has an important role in the development of the male 
accessory glands. In the rat, these glands start to grow around 43 - 49 days of 
age and is completed around 70 days [67,68]. Indeed, in the present study 
there was a decrease of the ventral prostate weight at PND 41 and of its relative 
weight at PND 63, corroborating with the reduction of testosterone level at PND 
41. Reductions of testosterone level [12] and of ventral prostate weight [69] 
were also observed in PND 93 adult rats treated with CBZ from weaning until 
adulthood. Additional studies are needed to investigate the sex hormone profile 
in the adult male offspring from CBZ-exposed rat dams. Conversely, seminal 
vesicle weight and androgen-dependent tubule diameter did not differ among 
CBZ and Control rats as expected. The prostate is more sensitive to the 
testosterone action during the pre-puberty and adulthood than at puberty 
   
whereas the seminal vesicle of rats shows major sensitivity during the pre-
puberty. This could explain the absence of significant weight alterations of the 
seminal vesicle.   
As aforementioned, although the plasma testosterone level was reduced 
at PND 41, significant alterations in androgen-dependent tubule diameters of 
PND 41 and 63 CBZ rats were not observed. In addition, only minor testicular 
histological alterations were observed at PND 63, although significant decrease 
of testicular weight and volume occurred at 41 day-old CBZ-exposed rats when 
compared to Control rats. Testicular weight reduction was also observed by our 
group in a previous study [12] at PND 43, after treatment with CBZ in the post-
natal phase. However, in that study conspicuous histological alterations of the 
seminiferous epithelium were described. In the present study, as the histological 
seminiferous epithelium changes were minimal in the CBZ rats at both ages 
studied, the decrease of seminiferous epithelium volume could be explained by 
the slower testicular growth as a result of the delay of puberty caused by CBZ. 
The significant decrease of lymphatic space volume in PND 41 CBZ-treated rats 
could also be a result of the puberty delay and testicular volume reduction. In 
addition, testicular interstitial fluid volume can also change due to a variety of 
factors, including testosterone level alterations [70] and toxic exposure 
[71,72,73]. Indeed, the reduction of lymphatic space observed here agrees with 
the testosterone level reduction. 
Although CBZ-treated rats showed few testicular histological alterations, 
there was a reduction in the sperm concentration in the epididymal cauda at 
PND 63. The concept that the epididymis acts as a quality-control organ to 
remove defective spermatozoa before ejaculation has been proposed by 
Sutovsky et al. [74] based on sperm ubiquitination. Defective mammalian 
spermatozoa would be ubiquitinated during epididymal passage, a mechanism 
that may mark the abnormal spermatozoa for proteolytic destruction. According 
to these authors, part of the ubiquitinated sperms would be phagocytozed prior 
to reaching the epididymis cauda [74]. A significant increase in the number of 
abnormal sperm occurred in the CBZ-treated rats at PND 63 in comparison to 
Control rats. Thus, it is possible to infer that sperm phagocytosis in the 
epididymis could partially explain the reduction of sperm count in the epididymis 
cauda observed in the CBZ rats at PND 63. Another possibility is that a 
   
significant number of these anomalous sperms died before they had arrived the 
epididymis and were phagocytozed by the Sertoli cells  [75], event that normally 
takes place in the distal region of deferent vas [76].  
In conclusion, the data presented here (later preputial separation and 
testicular descent, reduction of testosterone level at PND 41, reduction of 
weight and testicular volume and of ventral prostate weight) indicate that CBZ 
treatment during pregnancy and breastfeeding caused a delay of puberty onset 
and sperm alterations in male progenies at late puberty. However, some 
aspects such as the reduction of the weight in the neonate pups and CBZ 
interference in steroidogenesis needs to be clarified, since an anti-androgenic 
effect of CBZ during foetal phase cannot be discarded. In addition, it is possible 
that other paracrine and endocrine mechanisms, such as ghrelin and thyroid 
hormone levels, can also be involved in the reproductive alterations observed, 
indicating a more complex action of CBZ on reproduction.  
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Table 1. Ages of testicular descent and body weight of the litters on the day of testicular descent and 
preputial separation in Control and in utero CBZ-exposed rats. 
Parameters  Control CBZ-treated  
Time of testicular descent (days) 18.4 ±  0.73 19.92  ± 0.80* 
Weight (g) of the pups at the day of testicular descent 38.63 ± 5.4 41.19 ± 4.62 
Time of preputial separation (days) 44.36 ± 1.84 46.09  ± 2.69* 
Weight (g) of the pups at the day of preputial separation 214.50  ± 11.56 193.91 ± 17.60* 
Values expressed as mean ± SD. *p ≤ 0.05. Student´s t- test. n=12. 
  
 
 
Table 2. Final body weights, absolute and relative epididymis, ventral prostate, seminal vesicle 
and testicular weights from Control (C41 and C63) and CBZ-treated (CBZ41 and CBZ63) rats.   
 
Peripuberty Late puberty 
 
C41 CBZ41 C63 CBZ63 
Final body weight (g) 195.73 ± 16.60 162.42 ± 25.35* 311.08 ± 23.69 293.61 ± 24.37 
Absolute weights (mg) 
    
Testis  
896.00 ± 66.42 
770.00 ± 
124.41* 
1562.00 ± 
157.00 
1516.00 ± 
117.00 
Epididymis 124.66 ± 18.07 109.28 ± 23.03 366.00 ± 35.50 348.00 ± 44.10 
Ventral prostate  102.67 ± 19.07 80.71 ± 17.74* 233.00 ± 36.10 249.00 ± 38.20 
Full seminal vesicle  63.07± 11.82 54.61 ± 11.28 672.31 ± 76.72 704.62 ± 157.09 
Relative weights 
(mg/100g) 
    Testis  459.32 ± 35.05 474.95 ± 39.30 502.99 ± 44.76 519.62 ± 36.55 
Epididymis  63.88 ± 9.49 67.20 ± 10.08 117.79 ± 8.42 120.15 ± 12.51 
Ventral prostate  52.64 ± 9.85 50.65 ± 13.20 75.11 ± 11.31 85.74 ± 12.95* 
Full seminal vesicle 35.07 ± 7.93 38.55 ± 9.41 216.71 ± 24.58 239.04 ± 46.75 
Values expressed as mean ± SD. * p ≤ 0.05. Student’s t- test. 
n=12. 
 
  
Table 3. Volume density (Vv) and total volume of the seminiferous epithelium, interstitial tissue, 
lymphatic space and lumen in Control (C41 and C63) and CBZ-treated rats (CBZ41 and 
CBZ63). 
Stereological parameters Peripuberty Late puberty 
 
C41 CBZ41 C63 CBZ63 
Vv seminiferous ephitelium (%) 68.08 ± 4.92 67.94 ± 0.81 59.15 ± 4.76 61.95 ± 1.71 
Vv interstitial tissue (%) 11.90 ± 2.54 12.96 ± 1.43 13.52 ± 2.72 12.26 ± 2.92 
Vv lymphatic space (%) 9.02 ± 1.85 8.15 ± 1.04 14.73 ± 2.60 13.31 ± 3.30 
Vv lumen (%) 11.00 ± 2.44 10.95 ± 2.00 12.60 ± 1.41 12.48 ± 1.33 
     
V seminiferous ephitelium 
(mm³) 
552.23 ± 
44.26 
445.93 ± 
93.94* 
840.83 ± 
66.04 
890.60 ± 
63.04 
V interstitial tissue (mm³) 
97.64 ± 
17.14 
92.13 ± 22.63 
221.72 ± 
49.27 
171.62 ± 
41.51 
V lymphatic space (mm³) 
85.51 ± 
18.61 
52.54 ± 5.23* 
241.60 ± 
52.60 
215.89 ± 
47.61 
V lumen (mm³) 
88.86 ± 
19.35 
83.87 ± 18.19 
183.63 ± 
32.67 
188.56 ± 
28.47 
Values expressed as mean ± SD. * p ≤ 0.05. Student’s t- test. 
n=7. 
  
   
 
 
 
 
 
 
 
Table 4. Testicular and epididymal spermatic parameters in the C63 and CBZ63 subgroups.  
Parameter C63 CBZ63 
Testis 
  
 
Spermatid number (X 106/ testis) a 109.06 ± 22.63 108.43 ± 27.10 
 
Spermatid number (X 106/ g/ testis)a 91.72 ± 18.98 85.92 ± 21.47 
 
Daily sperm production (X 106/ g/ day)a 17.88 ± 3.72 17.77 ± 4.55 
    
Epididymal caput/corpus 
  
 
Sperm number (x10⁶/organ)a 52.82 ± 11.68 51.28 ± 12.68 
 
Sperm number (x10⁶/g/organ)a 325.38 ± 50.65 294.02 ± 43.19 
 
Sperm transit time (days)b 2.85 (2.29-3.60) 2.62 (2.07-3.63) 
    
Epididymal cauda 
  
 
Sperm number (x10⁶/organ)a 57.31 ± 15.84  43.54 ± 9.72* 
 
Sperm number (x10⁶/g/organ)a 557.38 ± 89.12 428,86 ± 104.93* 
 
Sperm transit time (days) b 2.49 (2.21-3.74) 2.08 (1.62- 3.13) 
    
Sperm morphology b 
  
 
Normal (%) 94.80 ± 0.97 91.37 ± 1.93 
  Abnormal (%) 5.20 ±  0.97 8.63 ± 1.93* 
a Values expressed as mean ± SD.  *p≤0.05. Student´s t-test. n=12 
 b Values expressed as median and interquartile intervals. Mann Whitney´s test. n=12. 
 
 
 
 
 
 
  
   
 
   
 
   
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
   
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                Conclusões  
   
5. CONCLUSÕES 
A partir dos dados desta pesquisa, concluiu-se que a CBZ, quando 
administrada nas ratas, durante toda a prenhez e lactação, causa atraso no 
estabelecimento da puberdade e alterações nos parâmetros testiculares e 
espermáticos (qualitativos e quantitativos) na puberdade tardia. 
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